SUMMARY Biochemical and haematological data for two consecutive years are presented on about 2000 people from the workforce of a large chemical company. The data are examined for the influence of sex, age, season, time of blood sampling, and patterns of work on the various indices.
In addition to the results confirming previously published work relating to the effects of age and sex, they provide interesting new information on the possible influences of seasons and patterns of work, that is, whether the subjects were shift or day workers. Further studies on the influence of these various factors are required, and our on-going survey will perhaps provide more definite data in due course. The findings show the importance of quantifying these variables, particularly in an industrial workforce where minor changes may be of significance.
(Hb), red cell count (RBC), white cell count (WeC), y glutamyl transferase (y Gt), total protein (TP), alkaline phosphatase (alk. phos), alanine transaminase (ALT), aspartate transaminase (AST), urate, albumin, and creatinine. The samples were taken by venepuncture from the cubital fossa using a disposable syringe with the individual seated at one of two sessionsduringthedaY,either9-10amorl.30-2.30pm. An aliquot was introduced into a plain glass tube and allowed to clot. It was then centrifuged, and the serum was subjected to biochemical analysis. A further aliquot was introduced into an EDTA bottle for haematological studies.
All samples were analysed at the central laboratory in Ellesmere Port using a Coulter ZF counter for the haematology and a Multistat III (Instrumentation Laboratories Ltd) centrifugal analyser for the biochemistry. Samples taken from other plants were sent by courier to Ellesmere Port and analysed within 24 hours of being taken. At these outlying plants blood films were produced on site and forwarded to the main laboratory. ' The results for two consecutive years have been analysed. In year 1 (1979) there were 2186 individuals, only five of whom were women and who have been ignored for the purpose of this study, and in year 2 (1980) there were 2091 individuals, of whom 100 were women. Table 1 indicates the methods used for analysis As part of the annual medical examination offered of the samples. to all employees, a blood sample was taken and Quality assessment was monitored by the use of analysed for the following constituents: haemoglobin the Boehringer Quality Control Service and the 341
Results

Table 1 Analytical methods with coefficients of variation
Statistical analysis
The results obtained from each individual were fed into a Honeywell level 66 DPS 44 6 computer in order to analyse them for the effects of age, sex, HAEMOGLOBIN The haemoglobin level showed an increase with age in both sexes. In men, the value increased gradually, the value in the over-60s being 2 % higher than in the under-20s. In women, there was a marked rise in the 51--60 age group. This is probably a feature of the termination of menstrual losses. The value in the 51--60 age group for women was 3.6~1a higher than in the 21-30 age group.
RED CELL COUNT
This value did not change in men but in women the value in the 51--60 age group was 8.7% higher than in the 21-30 age group. Again, this was probably a feature of the termination of menstrual losses.
geographical location, seasonal variations, and time of day. The findings and the comparisons with results of other workers are summarised below. Table 2 shows the results tabulated in geographical locations and the overall means and ranges for men for the two years 1979 and 1980. As can be seen, the workforce were in four widely separated sites, rural Cheshire (year 1, 220 workers; year 2, 200 workers), Anglesey (year 1, 108 workers; year 2,130 workers), Milton Keynes (year 2 only, 12 workers), and Ellesmere Port on Merseyside (year 1, 1850 workers; year 2, 1740 workers). The results were remarkably consistent except for the haemoglobin level and the creatinine level. For both years 1 and 2, the haemoglobin level was higher at the plant in Cheshire than at the other plants (p<O.ool), but the creatinine level was lower (p <0.001).
The difference in haemoglobin levels might be explained by the fact that the workforce at the Cheshire plant tends to be older than at the other locations, but the highly significant difference in creatinine levels (p<O.ool) cannot easily be explained, particularly as the same substances are handled at both the Ellesmere Port and the Cheshire plants. Table 3 shows the results for men and women broken down into age groups. As the results were taken for a working population there were no results for women above age 60 and for men above age 65. There were too few results for women below age 20 for meaningful statistical analysis ( Fig. 1 ).
WHITE CELL COUNT
Information appears to be lacking concerning the effects of age on the white cell count. It is known to fall markedly between birth and age 21 but further information is sparse. In our survey, the values for men rose steadily. the level in the 60+ age group being 10 % higher than in the below 20 age group. For women, the opposite was found. The value in the 20--30 age group lay above that for men but fell Table 1 ).
Statistical analysis of the data was carried out on the whole group using the 'healthy worker' concept of there being no overt physical disease. The populations for the two years of the study were very similar as, in common with most industries in the present economic climate, the rate ofjob turnover was very low. 2 Only in the case of serum creatinine were any results excluded as it appeared from early analysis that there was a subgroup of workers with a slightly but significantly raised creatinine level. All workers in this subgroup were screened out for the purposes of analysis of the creatinine data. They will be the subject of more detailed investigations, It appears reasonable to take this course as we are not intending to examine the effects of chemicals on the various indices in this paper. Further studies are intended to cover these topics. The frequency distributions of the data were first examined to determine whether they were normal or log-normal. If log-normal, log conversion of the data was undertaken." 4 Pierce's criterion-5 was then used to exclude outliers; all results lying more than 3 SD from the mean were excluded, and the data were resubmitted. The reference ranges quoted were then based on mean ±2 SD. Table 2 Valuesfor men only at various locations for two years (mean ± 2 standarddeviations) 
27 (9-75) 28 24 ( 1,3 70 steeply and in the 50-60 age group the value lay below that for men. Overall the 50-60 age group value was 13·5 % below the value for the 20-30 age group.
y GLUT AMYL TRANSFERASE In men, the level rose gradually and then levelled off above the age of 50. This may be a reflection of drinking habits; perhaps alcohol consumption falls over the age of 50. In women there was an initial rise, but the levels were always lower than those in men.
ALKALINE PHOSPHATASE
In men there was an initial fall in the level at the end of the growth period followed by a very slight gradual rise. In women, because there were no individuals under the age of 20, this initial fall was not seen. However, there was a pronounced rise which appears to accelerate postmenopausally so that, although the original level in the 20-30 age group in women was only 81 % that of the male level, in the 51--60 age group the levels were similar in both sexes.
TOT AL PROTEIN
There was a slight gradual fall in total protein levels for men over the age ranges with a total fall of 3 %.
There did not appear to be a similar fall for women whose levels were slightly lower than those for men.
ASPARTATE TRANSAMINASE
There was no significant change in the levels for this enzyme in any age group in either sex. Women had slightly lower levels than men at all ages.
ALANINE TRANSAMINASE
As with aspartate transaminase, the levels for women were lower than those for men at all ages. There was a slight shift in levels but numbers were too small for meaningful statistical analysis. For men, there was a highly significant rise in levels between the under-20 age group and the 41-50 age group (p<O·OOI). The level then fell significantly in the 60+ age group (p<O·OI). As alanine transaminase is more specific for liver damage, and the changes mirror those for y GT, this may also reflect drinking habits. value in the over-60 age group being 4 % higher than in the under-20s. In women, the levels premenopausally averaged 30% lower than those in men. In the 51--60 age group there was a dramatic rise, the level in women being only 13 % lower than in men of the same age. ALBUMIN The mean value for men fell by 2 gIl over the age range. The value for women was slightly lower than that for men but did not exhibit any fall with age. URATE A very gradual rise was seen in the level for men, the DIURNAL VARIATIONS In our survey, we were able to look at two populations, those who were bled between 9 am and 10 am and those bled between 1.30 pm and 2 pm. Also we were able to differentiate between shift workers and day workers. Table 6 shows the results for men broken down into am or pm sampling and into day or shift workers. Day workers worked a normal 38.5 hour week and most shiftworkers worked the rapidly rotating 'continental shift' system, only a small group working the conventional shift system of weekly rotation. The continental shift system involves rotating spells of two or three 6 am-2 pm shifts, two or three 2 pm-1O prn shifts, two or three 10 pm-6 am shifts, and two days off work, allowing no time for adaptation.
For most tests the levels for day workers in the morning group were higher than those in the afternoon group, and this was consistent over the two years of the analysis. The effects of shiftwork were SEASONAL VARIATION Table 4 shows the results for all men for 1980, tabulated monthly. There were insufficient women to allow any meaningful breakdown of their results. Figure 2 shows that several of the indices studied did in fact show significant seasonal fluctuations, being most marked for alkaline phosphatase, which showed a peak in summer and a trough in winter. Creatinine and urate levels appeared to show a bimodal distribution with peaks in spring and autumn and intervening troughs. Further study in women would be of interest to see if similar fluctuations occur. Table 5 shows the levels of significance reached when these seasonal variations were examined.
CREATININE
There was a linear rise of about 12 % in the creatinine level for men over the age range. The levels for women were 20 % lower under the age of 40 but then rose more sharply than in men and were only 12 % lower with an overall rise over the age range of 14%. not consistent. Also there were insufficient shiftworkers sampled in the afternoon to allow statistical analysis. However, the overall results show that there was no pronounced effect, levels on the whole still being higher in the morning groups than in the afternoon groups with the marked exception of urate where afternoon levels in shiftworkers were significantly higher than the morning levels.
Discussion
In recent years, considerable research has been conducted into factors influencing biochemical test results with a view to producing more informative and accurate reference ranges. It is important that both the method of collection and the analysis of samples are standardised as far as possible since these are known sources of variation which can be controlled. Many papers have produced ranges based on selected populations, such as students, hospital.inpatients, or blood donors.P 6-9 We believe this to be the first study of a 'working population'. We feel that it is important that undue selection of the workers for health, smoking, and drinking habits, etc, should not occur as we are dealing with a representative sample of the working population, 'warts and all' . 10 The ranges will therefore differ from those found by workers using highly selected populations, but this does not detract from the differences found within this population. Apart from the factors mentioned above, there are many other variables that can influence results. Some of these, such as age and sex, are well known,ll-14 but others, such as seasonal and geographical variation or the possible effects of shift work and time of sampling, have not been adequately quantified.
Knowledge of the influence of these various factors on the reference ranges is of interest in clinical medicine but may not significantly influence the interpretation placed on data unless the difference between 'normal' and clinically 'abnormal' values is small, for example, in serum calcium. However, in the screening of workers exposed to potentially toxic chemicals, small variations when applied to a group of workers may be highly significant and vital as early warnings of the toxicity of these chemicals. In this case detailed knowledge of the effects of these factors is extremely important when deciding the significance of these possibly small changes.
Our work confirms the findings of many other authors concerning the effects of age and sex on these test results but provides further information which shows that other points such as seasonal 1 4 -16 and possibly diurnal 1 7 -22 variations can have important effects on the results of certain tests. Some recent work by Young et a[l2 has shown a marked seasonal variation in the values obtained for total protein which our results do not confirm. However, we have found significant seasonal variations for albumin, creatmme, and urate, white cell count, y glutamyl transferase, alkaline phosphatase, and alanine transaminase. More work is required in this field to provide unequivocal answers. Minors and Waterhouse-" rightly state that reference ranges as currently presented reflect homeostatic influences rather than the effects of circadian rhythms. It is well known that certain parameters such as plasma cortisol and the white cell count do vary widely throughout the 24 hours. In the example of cortisol, inappropriate sampling techniques ignoring these circadian rhythms could obscure the diagnosis of adrenocortical malfunction. Our study showed variations in white cell count, total protein, alkaline phosphatase, urate, y GT, ALT, albumin, and creatinine between groups sampled in the morning and those sampled in the afternoon. Table 7 shows the p values for these variations.
With the exception of urate, the levels in the morning were higher than those in the afternoon. There appeared to be no difference between shift and day workers. However, as only small numbers of shift workers were sampled in the afternoon, it is impossible to form conclusions. Urate followed the above pattern except in shift workers, where the afternoon group had higher figures than the morning group. Further investigation in this area is necessary.
Data can be manipulated to accommodate a large number of variable factors, some of which may have significant influences on the results obtained. It is important, however, that data are not subdivided too far because the numbers in each subgroup will become too small for meaningful statistical analysis. Nevertheless, a reference range should take account of at least the more significant variables, as suggested by Elveback.l?
